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Abstract 
By utilizing the self-designed test platform to carry out tests on the edge ignition time and center ignition time of wooden panels coated 
with finishing fire-retardant paints to different fire-retardant degrees and analyzing the factors affecting the edge ignition time and center 
ignition time, this paper proposes the indicators for the assessment of fire-retardant properties of wooden panels coated with finishing fire-
retardant paints, i.e. the edge ignition time and the center ignition time. It is indicated by research results that the paint quality, coating 
process and fire-retardant properties of wooden panels coated with finishing fire-retardant paints can be comprehensively assessed in 
terms of these two indicators; the edge ignition time can be used for auxiliary assessment of the quality situation of finishing fire-retardant 
paints, and the center ignition time can be used for assessment of the coating process of finishing fire-retardant paints. 
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1. Introduction  
The finishing fire-retardant paints are fire-retardant paints that are applied to the surface of any combustible base (e.g. 
wood, fiberboard and cardboard) to form a protective and decorative fireproof coating [1]. When applied to the surface of 
any combustible base, it can be decorative at ordinary times, and in the event of a fire it can effectively reduce the surface 
burning rate of the combustible base, prevent a small fire from developing into a major one, improve the fire-retardant 
properties of building materials, protect the combustible base, and allow enough time for people to leave the fire scene and 
rescuers to organize rescue efforts [2]. In the interior decoration of buildings, finishing fire-retardant paints are widely used 
because of their cost-effectiveness and handiness. 
In the Code for Fire Prevention Installation and Acceptance in Construction of Interior Decoration Engineering of 
Buildings (GB50354), it is required that 4m2 of each fire-retardant-treated wood materials be taken for field tests of their 
combustion properties. However, given the complexity of materials under high-temperature conditions, any single 
assessment method can hardly identify the fire-retardant properties of a fire-retardant paint [3]; in the Rules for Field 
Inspection and judgment of Fire Products (GA588-2005), only three indicators are adopted for such assessment, i.e. 
appearance, paint thickness and bubbled height, and in the fire prevention law-enforcement the fire-retardant properties of 
wood materials are empirically judged by observing, feeling and burning with a lighter [4]. In addition, in the project 
acceptance, with the absence of necessary quality control measures and strict technical standards, the inspectors cannot 
quantitatively analyze and measure the fire-retardant performance [5]. Therefore, it is an urgent task facing fire prevention 
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supervisors and inspectors to find out ways to assess the fire-retardant properties of wood panels coated with finishing fire-
retardant paints.  
Currently, most domestic studies on fire-retardant properties of wood materials coated with finishing fire-retardant paints 
focus on a certain product that is used for the fire-retardant treating of wood materials or a certain indicator of the wood 
materials' fire-retardant properties. For example, Wu Yu-zhang and Harada Toshiro studied the fire-retardant properties of 
artificial wood treated with ammonium phosphate [6]; Deng Xiao-bo et al used the cone calorimeter to study the ignition 
time, heat release rate and total smoke release of finishing fire-retardant paints with different contents of fire-retardants [7]; 
Fang Lu et al used the fire-retardant paint tester to analyze the fire-resistant time and physical properties of finishing fire-
retardant paints [8]. The objective and accurate assessment of materials' fire-retardant properties is related to the rationality, 
scientificity and standardization of fire protection design, fire safety auditing, technical supervision and other fire safety 
systems and has drawn wide attention in recent years [9]. This paper, based on the status quo of China's fire safety 
supervision, is a preliminary study of the indicators for the assessment of fire-retardant properties of wood panels coated 
with finishing fire-retardant paints. 
 
2. Test Apparatus and Test Methods 
2.1. Test Apparatus 
The study of the indicators for the assessment of fire-retardant properties of wood panels coated with finishing fire-
retardant paints is carried out on the self-designed test platform, and the test devices are shown in Fig.1. The test platform 
adopts an open heating furnace that provides a radiation source area of 40cm × 55cm and consists of 18 silicon carbide rods 
and firebricks. The spacing between every two silicon carbide rods is 1cm, and a thermocouple is placed 1cm over the 
spacing between the two middle silicon carbide rods to measure the temperature of the radiation source. An ignition source 
fed by liquefied petroleum gas is placed below the center of the radiation source. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 & 3-thermocouples; 2-temperature acquisition module; 4-flue; 5-gas pipe; 6-smoke collecting hood; 7-radiation source; 8-power control cabinet; 9-
computer; 10-ignition source; 11-test piece; 12-tray; 13-LPG; 14 & 17-brackets; 15-thermal insulation layer; 16-balance. 
Fig.1. Sketch of Test Apparatus 
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2.2. Test Materials 
The test adopts four types of finishing paints, whose properties are tested using the small chamber combustion method 
based on Appendix C of Finishing Fire-Retardant Paints (GB12441-2005), and the relevant data are shown in Table 1. 
Table 1. Properties of Tested Paints 
Paint Code Mass Loss (ᇞm/g) Volume of Residual Char( ᇞv/cm3) Product Assessment 
1 
2 
3 
4 
5.6 
12.0 
3.5 
4.3 
29.3 
61.2 
10.8 
15.1 
Unqualified 
Unqualified 
Qualified 
Qualified 
 
The base of the test piece is a piece of 300mm × 300mm × 5mm grade-one five-layer pine plywood. No. 1 and No. 2 
paints are applied over the base by 500 g/m2 in two attempts using the wet-coating method; No. 3 and No. 4 paints are 
applied over the base by 400 g/m2, 500 g/m2 and 600 g/m2 respectively in two attempts using the wet-coating method, with 
the coating error not exceeding ±2% and the coating interval no less than 4 hours. Each group includes 3 test pieces, which 
are placed under normal temperature and humidity for 24 hours before they are treated in an oven at 50ć for another 24 
hours. The test pieces are numbered in the coating sequence, and their group numbers and preparation conditions are shown 
in Table 2. 
Table 2. Preparation Conditions of 9 Groups of Test Pieces 
Group No. of Test Piece Size of Test Piece Paint Amount (g/m2) Paint Remarks 
ķ 300mm×300mm×5mm 0  Uncoated 
ĸ 300mm×300mm×5mm 500 1  
Ĺ 300mm×300mm×5mm 500 2  
ĺ 300mm×300mm×5mm 400 3  
Ļ 300mm×300mm×5mm 400 4  
ļ 300mm×300mm×5mm 500 3  
Ľ 300mm×300mm×5mm 500 4  
ľ 300mm×300mm×5mm 600 3  
Ŀ 300mm×300mm×5mm 600 4  
 
2.3. Test Methods 
The ignition time is one of the most important parameters for measuring the combustion properties of combustible 
materials in a fire, which directly reflects the fire risk of materials. In this test the ignition time is defined as the average of 
three measurements of the time from when the surface of the test piece is exposed to fire to when a flame begins to appear 
and spread. If the test pieces are heated and exposed to fire for a certain time without developing any flame, the test will be 
terminated and the test result will be recorded as not ignited. The test measured the edge ignition time and the center 
ignition time. 
In the edge ignition test, the radiation source temperature is 450ć; the test pieces are horizontally placed 300 mm from 
the radiation plate; the ignition source is the liquefied petroleum gas flame of 60mm in height, with its outer flame acting on 
the edges of test pieces, as shown in Fig.2. If the test pieces are exposed to fire for 400s and no flame develops or spreads, 
the test will be terminated.  
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Fig.2. Sketch of Edge Ignition 
If not ignited after three edge ignitions, the test pieces will be re-prepared for the center ignition test. In the center 
ignition test, the radiation source temperature is 565ć; the test pieces are placed as they were in the edge ignition test; the 
ignition source is the liquefied petroleum gas flame of 20mm in height and at a distance of 60mm from the centers of the 
test pieces. If the test pieces are exposed to fire for 480s and no flame develops or spreads, the test will be terminated. 
3. Results and Analysis 
In the edge ignition test, Test Piece ķ registered an ignition time of 22.6s and the fire spread and developed into a 
flashover in 2-3 min; Test Pieces ĸ and Ĺ registered an ignition time of 92.2s and 70.3s respectively and the fire spread 
and developed into a flashover in 5-6 min; Test Pieces ĺ-Ŀ were not ignited in the tests. 
In the center ignition tests for Test Piecesĺ-Ŀ, Test Pieces ĺ and Ļ registered an ignition time of 94.5s and 210.3s 
respectively, and the bubbled layers of the paint were thin and uneven; Test Pieces ļ-Ŀ were not ignited. 
The test results are summarized in Table 3. 
Table.3. Ignition Times of 9 Groups of Test Pieces 
Test Piece No. 
Edge Ignition Test Center Ignition Test 
Ignition Time Paint Performance Ignition Time Paint Performance 
ķ 22.6s - - - 
ĸ 92.2s Not bubbled - - 
Ĺ 70.3s Not bubbled - - 
ĺ Unignited>400s Slightly bubbled 94.5s Thin and uneven bubbled layer 
Ļ Unignited>400s Slightly bubbled 210.3s Thin and uneven bubbled layer 
ļ Unignited>400s Thick bubbled layer Unignited>480s Thick and even bubbled layer 
Ľ Unignited>400s Thick bubbled layer Unignited>480s Thick and even bubbled layer  
ľ Unignited>400s Thick bubbled layer Unignited>480s Thick and even bubbled layer 
Ŀ Unignited>400s Thick bubbled layer Unignited>480s Thick and even bubbled layer 
 
 
Ignition Source 
Test Pieces 
Thermal Radiation 
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4. Conclusions 
The length of ignition time reflects how likely it will be for the coated panels to be ignited by open flames under thermal 
radiation in the event of fire and identifies the combustion properties of coated panels and the fire-retardant properties of 
fire-retardant paints. The results of the two ignition tests indicate that:  
(1) In the edge ignition test, the test pieces coated with unqualified paints were ignited within 400s while the ones coated 
with qualified paints were not ignited. Therefore, the fire-retardant properties of the coated panels that were ignited in the 
edge ignition test could be improved by using paints of better quality. 
(2) In the center ignition test, even when coated with qualified paints, the test pieces were still ignited within 480s if the 
coating amount was less than 500 g/m2 but were not ignited if the coating amount was greater than 500 g/m2. Thereby, this 
standard can be used to determine whether the coating amount meets the requirement of the coating process. 
(3) For the test pieces that were not ignited in either the edge ignition test or the center ignition test, the corresponding 
panels could be assessed as providing qualified flame-retardant properties and their combustion properties could be defined 
as highly fire-resistant. 
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